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ABSTRACT 



An ^^atus and method fcs producing a halftone image 
generates halftone cells based on grayscale image data and 
bitmap code. A human readable pattern is embedded within 
(he halftone image. Each of the halftone cells is formed from 
dot patterns having one of a plurality of predetenmned 
sh^es. The predctcnnined sh^es of the halftone cdls form 
the human readable pattern. The halftone cells are written 
onto a recording moiium to produce the halftone image. 
Rotation of the halftone cells allows data to be encoded 
within each of the halftone cells without varying the tone of 
the image. The tone of the image may be controlled by 
selectively varying a thickness of the dot patterns within the 
halftone cells. 

18 Claims, 6 Drawing Sheets 
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METHOD AND APPARATUS FOR 
GENERATING HALFTONE IMAGES 
HAVING HUMAN READABLE PATTERNS 
FORMED THEREIN 

FIELD OF THE INVENTION 

The present invention relates to devices and methods for 
producing halftone images, and, more particulariy, to 
devices and methods for produdng such halftone images 
having buman readable patterns embedded within the half- 
tone images. 

BACKGROUND OF THE INVENTION 

Halftoning is a well-known and widely utilized technique 
for imparting a grayscale appearance to dual tone renderings 
of variably shaded monochromatic images (e.g., black and 
white images) and to dual tone color separations of variably 
shaded polychromatic images. It originated as an optical 
analog process for in^iartiDg a grayscale ^pearance to dual 
tone reproductions of continuous tone monochromatic 
images, but it since has been extended to provide digital 
halftoning processes that can be utilized by digital document 
processors for imparting a grayscale appearance to dual tone 
representations of variably shaded, scanned-in digitized 
images and to dual tone representations of variably shaded, 
computer generated synthetic images. These digitally 
defined images may be monochromatic or polychromatic, so 
it is to be understood that digital halftoning can be s^lied 
for inq>arting a grayscale appearance to printed and dis- 
played renderings of monochromatic and polychromatic 
images. 

The functional utility of plain paper and other types of 
hardcopy documents can be enhanced significantly if the 
human readable infonnation that they nonnally convey is 
supplemented by adding appropriate machine readable digi- 
tal data to them. Input scanners can be cnq>loyed for 
recovering this machine readable data, so the data can be 
en^loyed for various purposes during the electronic pro- 
cessing of such documents and their human readable con- 
tents by electronic document processing systems, such as 
electronic copiers, text and graphic image processing 
systems, facsimile systems, electronic nxail systems, elec- 
tronic file systems, and document and ch^cter recognition 
equipment 

As. Is known, machine readable digital data can be 
recorded by writing two dimensional marks on a recording 
medium in accordance with a pattern which encodes the data 
either by the presence or absence of marks at a sequence of 
spatial locations or by the presence or absence of mark 
related transitions at such locations. The bar-like codes 
whldi others have proposed for recording digital data on 
paper utilize that type of encoding. See U.S. Pat No. 
4,692,603 entitled "Optical Reader for Printed Bit-Encoded 
Data and Method of Reading Same," U.S. Pat No. 4,728, 
783 and U.S. Pat. No. 4,754,127 on "Mcdiod and Apparatus 
for TVansfotming Digitally Encoded Data into Printed Data 
Strips," and U.S. Pat No. 4,782,221 on "Rinted Data Str^ 
Including Bit-Encoded Infcxmation and Scanner Contrast.** 
Another interesting approach is to encode machine readable 
digital data in the shapes of the marks of "glyphs" ttiat are 
written on the recording medium. 

Such shape codes are disclosed in U.S. Pat No. 5,091,966 
to Bloomberg et at, the disclosure of which is incorporated 
herein by reference. 

Glyph shape codes have the advantage that they can be 
designed to have a relatively uniform appearance. For 
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instance, a single glyph shape code suitably is composed of 
small slash-like marks that are tilted to the right or left at, 
say, ±45 degrees for encoding I's and O's, respectively. 
However, in some situations the mere or less uniformly gray 

5 appearance of such a code may be aesthetically 
objectionable, and may cause the tone of the image to 
change upon tilting of the glyph codes. 

A system and method for encoding digital data in halftone 
images is disclosed in U.S. Pat. No. 5315,098 to Tow, the 

to disclosure of which is incotprarated herein by reference in its 
entirety. In Tow, digital data are encoded in the angular 
orientation of circularly asymmetric halftone dot patterns 
that are written into the halftone cells of digital halftone 
images. The sizes of the halftone dot patterns are modulated 

t5 in accordance with grayscale data sample values that are 
provided to deftne the image. The patterns are modulated so 
that the average reflectance or transmittance of each of the 
halftone cells is modulated to provide a more or less 
standard halftone rendering of the image. By modulating the 

20 angular orientation of the halftone dot patterns, digital data 
is encoded within the halftone image. The digital data can 
then be read by a machine, as discussed above. However, the 
modulation of the angular orientation of the halftone dot 
patterns may disadvantageously affect the tone of the image 

^ depending upon the encoded values, which is an undesirable 
result 

However, none of the above references allow a halftone 
image to be farmed with a human readable pattern formed 
within &e halftone image. 

30 

SUMMARY OF THE INVENTION 

This invention provides an apparatus and method for 
generating a halftone image formed from halftone cells. The 
halftone cells are generated based on bitmap codes and on 

^ grayscale image data. The bitm^ codes are based upon at 
least one human readable pattern to be formed within the 
image. The halftone cells are written onto a recording 
medium to produce the halftone image with the human 

^ readable pattern formed therein. 

This invention also provides such an apparatus and 
method for producing a halftone image by generating half- 
tone cells formed from dot patterns, the halftone cells each 
having a plurality of sides, end portions of the halftone cells 

^5 contacting end portions of the dot patterns of an adjacent 
halftone ceU within the halftone image. 

The invention further provides a method and apparatus for 
produdng a halftone image by selectively vaiying a thick- 
ness of the dot patterns within tfie individual halftone cells 

50 which make up the halftone image to vary a tone of the 
image. Additionally, data may be encoded within each of the 
halftone cells. The data may be encoded by rotating the 
halftone cells. The rotational position of the halftone cells 
does not affect a tone of the overall halftone image. 

S5 Additionally, the encoded data is machine readable. 

The present invention provides these and other features in 
an apparatus for producing a halftone image, the apparatus 
including a bitmap generator that generates bitm^ codes 
based upon at least one human readable pattern to be formed 

60 within the halftone image, a halftone generator for generat- 
ing halftone cells based on the bitmap codes and based on 
grayscale image data, the halftone cells being formed from 
dot patterns, the hdftone generator selecting one of a 
plurality of predetermined sh^es for each the dot pat- 

65 terns. An output device writes the halftone cells on a 
recording medium to produce the halftone image. The 
halftone generator varies the tone of the halftone image by 



01/08/2004, EAST Version: 1.4.1 



5,710,636 

3 4 

selectively varying a thicfcaess of the dot patterns within periodic, two-dimensional airay of halftone cells. The half- 
individual halftone cells. Data may be encoded within the tone generator 10 may have a table look-up memory (not 
halftone cells by rotating the halftone cells based on encode shown) that is addressed by the grayscale image sample 
ing data input to the halftone generator. Rotation of the values and the bitm^ codes to retrieve halftone cells that are 
halftone cells does not affect the tone of the image. 3 preprogrammed to contain appropriate dot patterns. 

Each of the halftone cells is composed of a two- 

BRIEF DESOUmON OF THE DRAWINGS dimensional array of pixels. For example, FIGS. 2A-2C 

The invention will be described with reference to the illustrate halftone cdls 20, 22 and 24 produced from dot 

following drawings in which like references numerals refer patterns 26 forming different shapes according to the present 

to like elements and wherein: invention. The halftone cells 20, 22 and 24 are generally 

FIG. 1 is a schematic view of an image generating system square shaped but may be formed of di^nt even sided, 

according to the present invention; symmetnc shapes sudi as hexagons End portions of the do 

™«« \ ^ 1 •« ' A iA 1 patterns 26 withm a halftone cdl 20, 22 and 24 mtersect at 

HGS. 2A, 2B and 2C are views ^ustniting indivMual ^^^^ ^ ^^n of the sides of the halftone 

halftone cdls accordmg to a prcfffrcdembodmient of the ^ The halftone ceUs 20, 22 and 24 shown in nGS.2A,2B 

{H:esent mvention; and 2C are shown rotated 90 degrees from one another. The 

FIG. 3 is an enlarged view of a halftone image produced rotation of the halftone cells 20, 22 and 24 may be used to 

according to a prcf cared embodiment of the present inven- encode data within each of the cells, as explained above, 

tion; Each of the halftone cells 20, 22 and 24 is relatively small. 

FIG. 4 illustrates a halftone image produced according to 20 Por example, each of the halftone cells 20, 22 and 24 in 

a preferred embodiment of the present invention; actual use may have a size of approximately W*xW, 

FIG. 5 is a portion of the halftone image of FIG. 4 a halftone image is fonned according to the present 

enlarged to illustrate a human readable pattern embedded invention by placing a large number of the halftone cells 20, 

within the halftone image; and 22 and 24 adjacent to one another. A tone of the halftone 

FIG. 6 is a portion of a halftone image enlarged to imageiscontrolledbysdectively varying a thickness of the 

illustrate a human readable pattern embedded within the dot patterns 26 within the halftone cells 20, 22 and 24. 

halftone image. Rotation of the halftone cells 20, 22 and 24 does not vary a 

tone C3f the halftone image because the dot patterns of one 

DETAILED DESCRIFnON OF PREFERRED cell connect with the dot patterns 26 of an adjacent ceU 

EMBODIMENTS j-egardless of how one cell is rotated relative to the adjacent 

FIG. 1 iUustrates an image generation system 8 fca: ceU. Thus the halftone cells 20, 22 and 24 may be encoded 

producing halftone images according to the present inven- with data without varying the tone of the image, 

tion. The image generation system 8 includes a bitmap FIG. 3 illustrates an enlarged view of a halftone image 28 

generatcM: 10, an image generator 12, a halftone generator 14, generated in accordance with the present invention. The 

a pattern rotator 16 and a printer 18. halftone cells 20, 22 and 24 of the halftone image 28 are 

The halftone generator 10 generates halftone ceUs based formed from the dot patterns 26. As previously described, 

on grayscale image data and bitmap codes. The grayscale each of tfie dot patterns 26 intersects a center portion of the 

image data is generated by image generator 12. Image halftone ceU 20, 22 and 24 within which the dot patterns 26 

generator 12 may be a device capable of outputting image 40 are formed. The halftone cells 20. 22 and 24 are arranged 

data, such as a scanner or a computer. The bitmap codes are adjacent to one another to form the halftone miage 28. Since 

geuCTated by a bitmap generator 10 based upon a desired the halftone ceUs 20 are identical near boundaries of the 

pattern to be embedded within the halftone image. The halftone ceUs, there is no discernible changem tone after 90° 

desired pattern may be input to bitmap generator 10 on, for rotation of individual ones of the halftone cells, 

example, a keyboard (not shown) connected to the bitmap 45 As shown in FIG. 30 the halftone cells 20, 22 and 24 are 

generator 10. arranged within the halftone image 28 so that the shapes of 

The halftone cells generated by the halftone generator 10 the dot patterns fcmn a human readable pattern 29 within the 

are then fed to pattern rotator 12. The pattern rotator 12 is halftone image 28. The human readable pattern 29 may be 

not a necessary component of the present invention and may text, geometric shapes, patterns, numbers, figures, etc. The 

be omitted. The pattern rotator 12 selectively rotates indi- 50 human readable pattern 29 shown in FIG. 3 is a letter '*R" 

vidual ones of the halftone ceUs based upon digital data and is fonned from the three types of halftone cells 20, 22 

input to the pattern rotator, as shown in FIG. 1. The digital and 24 shown in FIGS. 2A, 2B and 2C. When generating a 

data is data that may be used to encode machine-readable halftone image having an '"R" embedded therein, the bitmap 

information within the halftone image as disclosed in generator 10 inputs bitmap codes based on a pattern input of 

copending and concurrently filed appHcation Ser. No. 55 so that the halftone generator will output the halftone 

08/463,178 assigned to the assignee of tiic present cells 20, 22 and 24 to printer 28, 

application, the disclosure of which is incorporated herein Bach of the halftone cells 20, 22 and 24 shown in FIG. 3 

by reference in its entirety. The pattern rotator 12 may be is illustrated with a "1** or "0" shown in the lower righthand 

included within the halftone generator 10. The halftone ceUs comer of the halftone cells 20, 22 and 24. The **1" or "0" are 

are then fed to printer 18, which generates a halftone image 60 shown for illustration purposes only in FIG. 3 and represent 

based upon the halftone cells. a data value that may be encoded in each of the halftone cells 

The halftone image generating system 8 produces half- 20. As explained above, the encoded data value is based on 

tone images of, for example, scanned in or computer gen- rotation of the halftone cells relative to one another. The 

erated synthetic grayscale images. The halftone generator 10 encoded data is typically read by a machine. Devices such 

transforms spatially periodic grayscale input image sample 65 as input scanners can be employed for recovering machine 

values into halftone dot patterns. In keeping with standard readable encoded data from the image. The encoded data can 

practices, these dot patterns are written into a spatially be employed for various purposes during electronic process- 
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ing of such documeats by electronic document processing a halftone generator for generating halftone cells from the 
systems, such as electronic copiers, text and graphic image bitmap codes and from grayscale image data, the half- 
processing systems, facsimile systems, electronic mail tone cells being formed from dot patterns, the halftone 
systems, dectronic file systems and document and characta: generator selecting one of a pluraHty of predetermined 
recognition equipment. A fuller description of the encoding 5 shapes for the dot patterns of each of the halftone cells ; 
of data values within the halftone ceUs is contained m 
application Scr. No. 08/463.178, which has previously been 

incorporated herein by reference, ^ device for writing the halftone cells on a 

FIG. 4 illustrates a halftone image 30 produced according [^^^. "^^^ ^ P^^"^ ^5*?'^^ T^*^* 

to a prefeired embodiment of the present invention. The halftone miage having embedded therem at least one 

halftone image 30 is formed from halftone ceUs 24. Eadi of human readable pattern formed by the predetennined 

the halftone cells 24 is formed from dot patterns 26. As sh^jes of the halftone cells, 

explained above, the tone of various portions of the image 2. The q)paratus of daim 1, wherein each of the halftone 

30 is selectively varied by varying a thickness of the dot cells has four sides and the dot patterns of each of the 

patterns 26 within individual halftone cells 24. halftone ceUs contact a center portion of eadi of the four 

As explained above, the halftone image 30 contains at sides, 

least one human readable pattern embedded within the 3. The apparatus of claim 1, wherein the halftone cells 

halftone image 30. However, due to the relatively small size each have a plurality of sides, end portions of the dot 

of the halftone cells, the human readable pattern may not be patterns contact a center portion of each of the sides of the 

visible without the use of a magnifying device. halftone cells and each the end portions contacts an end 

FIG. 5 illustrates a portion 32 of the halftone image 30 ^ portion of the dot patterns of an adjacent one of the halftone 

shown in FIG. 4 enlarged to illustrate a human readable cells. 

pattern fonned within the halftone image 30. The human 4. The apparatus of daun 1, wherein the halftone gen- 
readable pattern is contained in the drded block 34 and in eratcr varies a tone of the image by selectively varying a 
this case the human readable pattern is the word "COM- thickness of the dot patterns within individual ones of the 
PANY^. However, as es^lained above, the human readable ^ halftone cells. 

pattern formed within the halftone image 30 may be formed 5. The apparatus of claim 1, further comprising an image 

as text, geometric shapes, patterns, numbers, figures, etc generator connected to the halftone generator, wherein the 

The halftone image 30 was produced with 75 halftone image generator generates the grayscale image data, 

cells 20 per inch. Due to the relatively small size of die 6. The apparatus of claim 1, wherein a tone of the halftone 

halftone ceils, the human readable pattOT embedded within image is independent of rotation of each of the halftone cells 

the image may be lost in a copy of image 30 if the machine relative to adjacent halftone ceUs, 

used to make the copy does not have suffident resolution. 7. The apparatus of daim 1, wherein the human readable 

FIG. 6illustratesapQrtion of ahalftoneimagc36 enlarged pattern is readable by a human only with the use of a 

to illustrate a human readable pattern formed within the g- magnifying device. 

halftone image. The human readable pattOT is "-XEROX- T^e apparatus of daim 1, finther con^sing encoding 

THE DOCUMENT COMPANY-". means for encoding data within each of the halftone cells. 

The human readable pattern iUustrated in the portion of ^' ^he ^paratus of claim 8, wherein the encoding means 

the halftone image 36 of FIG. 6 is formed from halftone cdls comprises a pattern rotating device for rotating die halftone 

20, 22 and 24 as illustrated in FIGS, 2A to 2C The human ^ ^^^ed on encoding data. 

readable pattern 38 illustrated in FIG. 6 is similar to that 10. Amcthod of generating a halftone miagc, con^nsmg: 

illustrated in FIG. 3. In particular, the "R" illustrated within generating bitmap codes based upon at least one himian 

the enlarged portion of the halftone image 36 of FIG. 6 is readable pattern to be formed within the halftone 

substantially similar to the •'R'* illustrated in FIG, 3. image; 

HowevCT, in comparing the *'R'* of FIG. 3 with that of FIG. 45 generating halftone cells from the bitmap codes and from 

6, some of the individual halftone cells are changed. For grayscale image data, the halftone cells being formed 

exan^lc, the upper left hand com^ of the ^^R" is formed from dot patterns, the bitmap codes selecting one of a 

with the halftone cell 20 instead of the halftone cell 24. plurality of predetermined shapes fortbe dot patterns of 

The enlarged portion of the halftone image 36 forms a each of the halftone cells; and 

portion of an overall halftone image such as the halftone 30 writing the halftone cells on a recording mcdiimi to 

image 30 illustrated in FIG. 4. In this way, the human produce the halftone image, the halftone image having 

readable pattern may be easily encoded within the halftone embedded therein at least one human readable pattern 

image. fonned by the predeteanined shines of the halftone 

While this invention has been described in conjunction cells, 

with a specific embodiments thereof, it is evident that many 55 II. The method of daim 10, wherein generating the 

alternatives, modifications and variations will be apparent to halftone cells conqirises generating halftone cells having 

those skilled in the art. Accordingly, the preferred embodi- four sides with the dot patterns of each of the halftone cells 

mcnts of this invention, as set forth herein, are intended to contacting a center portion of each of the four sides, 

be illustrative and not limiting. Various changes may be 12. The method of daim 10, wherein generating the 

made without departing fr^m the spirit and scope of the 60 halftone cdls comprises generating halftone cells having a 

invention as defined in the following claims. plurality of sides with end portions of tiie dot patterns 

What is claimed is: contacting a center portion of each of the sides and each of 

1 . An apparatus for producing a halftone image, conqiris- the end portions contacting an end portion of the dot patterns 

ing; of an adjacent one of the halftone. ceUs. 

a bitmap generator that generates bitm^ codes based 65 13. The method of daim 10, farther comprising varying 

upon at least one human readable pattern to be formed a tone of the image by sdectively varying a thickness of the 

within the halftone image; dot patterns within individual ones of the halftone cells. 
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14. The method of claim 10» further conqirising generat- 
ing the grayscale image data. 

15. The method of daim 10, fiirtha: coir^rising selec- 
tively rotating the halftone cells without affecting a tone of 
the image. 

16. The method of claim 10, further comprising encoding 
data within each of the halftone cells. 



8 



17. The method of daim 16, wherein encoding data within 
each of the halftone cdls conqxrises selectively rotating the 
halftone cells based on input encoding data. 

18. The method of claim 16, whcrdn a rotational position 
of eacb of the halftone cells determines an encoded data 
value. 
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